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In the title compound, C11H11CIN4, the dihedral angle 
between the aromatic rings is 66.47 (8)°. In the crystal, 
molecules are linked by N— H- ■ -N hydrogen bonds, gener- 
ating C(5) chains propagating in [010]. Slipped aromatic tt-jt 
stacking between centrosymmetrically related pairs of pyrim- 
idine rings also occurs [centroid-centroid separation = 
3.7634 (12)A and slippage = 1.715 A]. 

Related literature 

For background to pyrimidines, see: Barillari et al. (2001); 
Gangjee et al. (2010). For slipped jt-jt stacking interactions, 
see: Glowka et al. (1999). 




Experimental 

Crystal data 

CiiHuClN4 
M, = 234.69 
Monoclinic, /'2,/c 
a = 9.5887 (19) A 



Z = 4 

Mo Ka radiation 
jjL = 0.31 mm^' 

Data collection 

Rigalcu R-AXIS RAPID 

diffractometer 
Absorption correction: multi-scan 

(ABSCOR; Higashi. 1995) 
= 0.872, r„„^ = 0.905 

Refinement 

R[F^ > 2a(F^)] = 0.037 

wR(F^) = 0.105 

S = 1.07 

2588 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



7" = 293 K 

0.45 X 0.36 X 0.33 mm 



10835 measured reflections 
2588 independent reflections 
1983 reflections with / > 2a(l) 
Ri„, = 0.025 



146 parameters 

H-atom parameters constrained 
Ap„ax = 0.17 e A"' 
A/3„i„ = -0.34 e A"' 



D-H- - A 


D-H 


H-A 


D-A 


D-H- - A 


N4-H4A- ■ -Nl' 


0.86 


2.28 


3.0993 (18) 


159 


Symmetry code: (i) —x 


-)-l.y-l.-z- 


4- 







b = 9.948 (2) A 
c = 12.671 (3) A 
P = 109.63 (3)° 
V = 1138.4 (4) A^ 



Data collection: PROCESS-AUTO (Rigaku, 1998); cell refine- 
ment: PROCESS-AUTO; data reduction: CrystalStructure (Rigaku, 
2002); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 
2008); molecular graphics: DIAMOND (Brandenburg, 2000); soft- 
ware used to prepare material for publication: SHELXL97. 

This project was sponsored by the Scientific Research 
Foundation for Returned Overseas Chinese Scholars, State 
Education Ministry (20071108) and the Scientific Research 
Foundation for the Returned Overseas Team, Chinese 
Education Ministry. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: HB5937). 



References 

BariUari, C, Barlocco, D. & Raveglia, L. (2001). Eur. J. Org. Chem. pp. 4737- 
4741. 

Brandenburg, K. (2000). DIAMOND. Crystal Impact GbR, Bonn, Germany 
Gangjee, A., Kurup, S., Ihnat, M., Thorpe, J. & Shenoy, S. (2010). Bioorg. Med. 

Chem. 18, 3575-3587. 
Glowica, M. L., Martynowsifi, D. & Kozalowska, K. (1999). / Mol Struct 474, 

81-89. 

Higashi, T. (1995). ABSCOR. Rigaku Corporation, Tokyo, Japan. 
Rigaku (1998). PROCESS-AUTO. Rigaku Corporation, Tokyo, Japan. 
Rigaku (2002). CrystalStructure. Rigaku Corporation, Tokyo, Japan. 
Sheldrick, G. M. (2008). Acta Cryst A64, 112-122. 



Acta Cryst. (2011). E67, o2089 



doi:10.1 107/S160053681 1028303 



Shi eta/ O2089 



supplementary materials 



supplementary materials 



Acta Cryst. (2011). E67, o2089 [ doi:10.1107/S1600536811028303 ] 

6-Chloro-A^ -methyl-A'^-phenylpyrimidine-4,5-diamme 
F. Shi, L.-H. Zhu, L. Zhang and Y.-F. Li 

Comment 

Pyrimidine diamines exhibit a wide range of biological activities (Barillari, et al, 2001; Gangjee et flZ.,2010). Here, the 
crystal structure of the title compound, (I), is determined by X-ray single crystal diffraction. 

In the structure of (I) (Fig. 1), A^-methyl group links pyrimidyl and phenyl rings of which the dihedral angle is 66.62 (5)°. 
Two chloropyrimidyl rings of two adjacent molecules point to the opposite directions with tt-tt conjugation, in which stack- 
ing h (center-plane) is in 3.3411 A, fi?(center-center) in 3.7633 A and shift r (displacement of two centers) in 1.7319 A 
(Glowka, et al., 1999). The H-bond betwen amino group of pyrimidyl ring and the nitrogen of the adjacent pyrimidyl ring 

(N4 — H4A - N1') results in the formation of infinite chain (Fig. 2). 
Experimental 

4,6-Dichloro-5-nitro-pyrimidine (5.20 g, 27 mmol), A'-methylbenzenamine (3.2 mL, 32 mmol) and triethylamine (7.6 mL, 
54 mmol) were dissolved in anhydrous THF (20 mL). The reaction mixture was stirred at room temperature overnight, 
concentrated in vacuo, diluted with water, and extracted with EtOAc. The organic phase was washed with Imol/L HCl and 
brine, dried over anhydrous MgS04, and concentrated in vacuo to give rise to the solid crude product. The recrystallization of 
crude product from methanol provided the desired pure product of 6-chloro-A'-methyl-5-nitro-A'- phenylpyriinidin-4-amine 
(yellow solid, 5.7g, 80% yield, m.p. 133.5-135.5 °C). 6-Chloro-A'-methyl-5-nitro-A'-phenylpyrimidin-4-amine (4.36g, 16.5 
mmol) was dissolved in a mixture of ethanol (59.0 mL) and water (17.0 mL). Iron powder (2.8 g, 50mmol) and NH4CI (0.56 
g, 10.0 mmol) were added to it. The mixture was then stirred in reflux for 5 h, cooled to room temperature, and filtered 
through a pad of celite. The filtrate was concentrated in vacuo. The residue was extracted with EtOAc. The organic extract 
was washed with saturated NaHCOs, water, and brine and dried over anhydrous MgS04. It was then filtered and concentrated 
in vacuo to the crude product which was purified by flash chromatography (elution with 9% EtOAc in petroleum ether 

followed by 20% EtOAc in petroleum ether) to give 6-chloro- -methyl-A'^-phenylpyrimidine-4,5-diamine (white solid, 
3.1g, 80% yield, m.p. 81.0-83.0 °C). 

Refinement 

All H atoms were located from difference Fourier maps. H atoms attached to C atoms were treated as riding [C-H = 0.93-0.96 
AandUiso(H) = 1.5Ueq(C) (methyl groups) or 1.2Ueq(C) (other H atoms)]. N-atom of amino group of pyrimidyl ring was 

treated as sp^ hybridization, and therefore H atoms of amino group were positioned as riding [N-H = 0.86 A and Uiso(H) 
= 1.2Ueq(N)]. 
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Fig. 1 . The title compound with displacement ellipsoids shown at the 50% probability level. 



Fig. 2. The hydrogen bond of amino group of pyrimidyl ring and the nitrogen of the adjacent 
pyrimidyl ring and n-n stacking of adjacent pyrimidyl rings. 



6-Chloro-iV^-methyl-iV'*-phenylpyrimidine-4,5-diamine 



Crystal data 
C11H11CIN4 
M,- = 234.69 
Monoclinic, P2i/c 
Hall symbol: -P 2ybc 
a = 9.5887 (19) A 
b = 9.948 (2) A 
c= 12.671 (3) A 
|3= 109.63 (3)° 

V= 1138.4 (4) A^ 
Z = 4 



^"(000) = 488 

Dx= 1.369 Mgm"^ 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 1000 reflections 

6 = 3.1-27.5° 

|i = 0.31 mm ' 
r=293 K 
Block, colorless 
0.45 X 0.36 X 0.33 mm 



Data collection 

Rigaku R-AXIS RAPID 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

Detector resolution: 10.00 pixels mm"' 
CO scans 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
r„i„ = 0.872, r„,ax = 0.905 
10835 measured reflections 



2588 independent reflections 

1983 reflections with / > 2a{I) 
i?int = 0.025 

©max ~ 27.5 , GiTiin ~ 3.1 

/! = -12->12 
A: = -12^12 
/ = -16^16 



Refinement 



Refinement on F 



Least-squares matrix: full 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
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R[F^ > 2a(F^)] = 0.037 

wR(F^) = 0.105 

S= 1.07 

2588 reflections 
146 parameters 
0 restraints 



Hydrogen site location: inferred Irom neighbouring 

sites 

H-atom parameters constrained 

w = l/[a^(Fo^) + (0.0596P)^ + 0.0777P] 

where P = (Fo^ + 2FcV3 

(A/a)max< 0.001 

Apmax = 0.17eA"3 
Apmin = -0.34eA"^ 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d's in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d's involving l.s. planes. 

Refinement. Refinement against ALL reflections. The weighted /^-factor wR and goodness of fit S are based on , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > a(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, /^-factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


tl- *lt! 


cu 


0.39218 (4) 


0.36966 (4) 


0.22870 (4) 


0.06006(16) 


Nl 


0.52906 (15) 


0.54876 (12) 


0.14917(12) 


0.0536 (3) 


N2 


0.74328 (16) 


0.50645 (12) 


0.10019 (11) 


0.0533 (3) 


N3 


0.85704 (14) 


0.29788 (13) 


0.11914(11) 


0.0515(3) 


N4 


0.64945 (17) 


0.20317(13) 


0.22608 (13) 


0.0607 (4) 


H4A 


0.5861 


0.1794 


0.2571 


0.073* 


H4B 


0.7179 


0.1483 


0.2243 


0.073* 


CI 


0.53371 (16) 


0.42063 (14) 


0.18003 (12) 


0.0439 (3) 


C2 


0.6380 (2) 


0.58510(16) 


0.11281 (15) 


0.0590 (4) 


H2 


0.6410 


0.6752 


0.0941 


0.071* 


C3 


0.74410(16) 


0.37803 (13) 


0.12985 (12) 


0.0436 (3) 


C4 


0.64133 (15) 


0.32788 (13) 


0.17980(11) 


0.0411 (3) 


C5 


0.83458 (16) 


0.15897 (14) 


0.08849 (12) 


0.0443 (3) 


C6 


0.70775 (18) 


0.11594(16) 


0.00632 (14) 


0.0529 (4) 


H6 


0.6337 


0.1773 


-0.0293 


0.064* 


C7 


0.6902 (2) 


-0.01899 (18) 


-0.02337 (15) 


0.0645 (5) 


H7 


0.6035 


-0.0482 


-0.0777 


0.077* 


C8 


0.8007 (2) 


-0.10947 (17) 


0.02737 (17) 


0.0659 (5) 


H8 


0.7892 


-0.1997 


0.0070 


0.079* 


C9 


0.9276 (2) 


-0.0667 (2) 


0.10786(17) 


0.0731 (5) 


H9 


1.0029 


-0.1277 


0.1416 


0.088* 


CIO 


0.9443 (2) 


0.06674 (19) 


0.13924 (15) 


0.0627 (4) 


HIO 


1.0302 


0.0948 


0.1950 


0.075* 


Cll 


0.9716(2) 


0.36428 (19) 


0.0848 (2) 


0.0854 (7) 



sup-3 



supplementary materials 



HllA 


0.9328 


0.3842 


0.0061 0.128 




HUB 


1.0556 


0.3058 


0.0994 0.128 


* 


HllC 


1.0013 


0.4462 


0.1263 0.128 


* 


Atomic displacement parameters (A^) 












u u 


u u 


Cll 


0.0518 (2) 


0.0508 (2) 




A A^l C _A AA/llA /I Q\ 


Nl 


0.0596 (8) 


0.0419 (7) 


U.UOJJ yo) U.UUU4 \p) 


A A'>Qn f'7'\ n nm i f'^^ 
u.uzyu / J u.uu i 3 jj 


N2 


0.0625 (8) 


0.0450 (7) 


AA/ilO/^OA A AAA "7 f 

u.uoiz \<s) — u.uuy / (uj 


A A1T> /"7\ A AAT 1 fZ\ 

U.U3ZZ (/j — U.UUzl {j) 


N3 


0.0441 (7) 


0.0521 (7) 


A A/^/i/i {Q\ A AAOT f Z\ 

U.UOOO (o ) — U.UUo 1 \P) 


A AOA/I A A1A1 

U.Uzy4 (oj — U.UlU-5 {0) 


N4 


0.0722 (9) 


0.0451 (7) 


u.UiSjo u.uuoo yp) 


A AC/II /Q"\ A A1AO 


CI 


0.0441 (7) 


0.0418 (7) 


A A^AT fQ\ A AATl f 

U.UjU/ (5j — U.UU/1 \b) 


A AT>^ /"7\ A AA/^/1 

U.UZZj (/j — U.UUo4 \p) 


C2 


0.0754(11) 


0.0386 (7) 


A (\nAA ^^^\ a aat> in\ 
yj.yj /44 ( 1 1 J — ( / j 


A A/IAA /'I A\ A AA1 O /■'7\ 

U.U4UU (luj u.uuiy (/J 


C3 


0.0439 (7) 


0.0441 (7) 




U.UIVj (Oj U.U0o4(Oj 


C4 


0.0426 (7) 


U.Uj 


A A/tCT (n\ _A AAAQ 


A A1 OA //:\ _A AAC'7 /C^ 

U.UioU yp) U.UUj / \j) 


C5 


0.0432 (7) 


A A/1 Q'> fO\ 


A PtA/^A fn\ A AAAA 

U.U4o4 ( /) U.UUUU (u ) 


A AT 1 C //;\ A AA^C //:\ 

U.UZIj {d) — U.UUZj {p) 


C6 


0.0468 (8) 


u.UD / / (y) 


0.0529 (8) 0.0021 (7) 


0.0148 (7) -0.0053 (7) 


C7 


0.0640(11) 


A AiCTiC /I 1 \ 

U.U6/6 (11) 


0.0659(11) -0.0135 (8) 


0.0272(9) -0.0210(8) 


C8 


0.0855 (14) 


U.U4/0 (y) 


0.0830(13) -0.0023 (9) 


0.0525 (12) -0.0074(8) 


C9 


0.0815(13) 


A A/il A /I 1 \ 

U.Uoj4 (11) 


0.0800(13) 0.0262(10) 


0.0348(11) 0.0136(9) 


CIO 


0.0518(9) 


A AT>Q /I 1 \ 

U.U/Zi (11) 


0.0595 (10) 0.0099 (8) 


0.0126(8) 0.0002(8) 


Cll 


0.0773 (13) 


U.U6y6 (12) 


0.140(2) -0.0238(10) 


0.0768 (15) -0.0253 (12) 


Geometric parameters (A, °) 








Cll— CI 




1.7440 (14) 


CD — Co 


1.3// {Z) 


Nl— C2 




1.326 (2) 


f~^Z. 1 A 

CD — C 1 U 


l.iol (Z) 


Nl— CI 




1.3296(19) 


Co — C/ 


1 Q OA /">\ 

I.Joy (Z) 


N2— C2 




1.329(2) 


Co — Mo 


A Olrtrt 

u.yiuu 


N2— C3 




1.3309 (18) 


C/ — Co 


1 .3 /4 (3 ) 


N3— C3 




1.3876(18) 


C/ — xi/ 


A AT A A 


N3— C5 




1.4320(19) 


Co — cy 


1.30/ (3) 


N3— Cll 




1.467 (2) 


r^o xjo 
Co — Mo 


A A'2AA 


N4— C4 




1.3633 (18) 


PQ no 

V, y V i U 




N4— H4A 




0.8600 


C9 — H9 


0.9300 


N4— H4B 




0.8600 


CIO — HIO 


0.9300 


CI— C4 




1.3850(19) 


Cll — ^HllA 


0.9600 


C2— H2 




0.9300 


Cll — ^HllB 


0.9600 


C3— C4 




1.4282(18) 


Cll — HllC 


0.9600 


C2— Nl— CI 




114.28 (13) 


ClU — Cj — JNJ 


liy.DD (15) 


C2— N2— C3 




117.64(12) 


/^c r^ti r^n 
CD — Co — C / 


1 1A AT /I 

IzU.U/ (16) 


C3— N3— C5 




121.99 (11) 


C5 — C6 — H6 


120.0 


C3— N3— Cll 




117.18(13) 


C7— C6— H6 


120.0 


C5— N3— Cll 




114.41 (12) 


C8— C7— C6 


120.14(17) 


C4— N4— H4A 




120.0 


C8— C7— H7 


119.9 


C4— N4— H4B 




120.0 


C6— C7— H7 


119.9 


H4A— N4— H4B 




120.0 


C9— C8— C7 


119.88(16) 
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JN 1 — CI — C4 


1 T/i IT /I 

Izo.lz (Iz) 


/^n /^o Tuo 
CV — Co — Ho 




1 OA 1 

IzU.l 


"\Ti /~^^ /"'1 1 
JN 1 — CI — Cll 


lie /IT /I A\ 
11 (lUJ 


/~^n /~^o jjo 
C / — Co — ^rio 




1 OA 1 

IzU.l 


f^A /^l 1 

C4 — C 1 — CI i 


110 /10 

llo.4z (llj 


Co — cy — ciu 




1 OA 1 A /I n\ 

izu.iy (1 /J 


JN 1 — Cz — ^JNz 


izo.yi (i4j 


/^O /^A XJA 

Co — cy — ^riy 




1 1 A A 

iiy.y 


"\T1 /^l TUT 

JN 1 — Cz — hlz 


1 1 /C c 


/"^ 1 A /^A TUA 

CIU — CV — tiy 




1 1 A A 

1 iv.y 


XTT /^T TUT 

JNz — Cz — tiZ 


UO.J 


cy — c 1 u — CD 




1 OA /" 1 0\ 

IzU.j / vloj 


JNz — Ci — ^JNi 


I 1 T AC /I 1\ 

II /.Uj (Izj 


/^A 1 A XJ1 A 

cy — CIU — Miu 




1 1 A T 

iiy. / 


TVTO /^"i /^/l 

JNz — Ci — C4 


Izl.jy yli) 


/^C /^l A XJ1 A 

Cj — CIU — MIU 




1 1 A T 

iiy./ 






ISJ-I p11 TT11A 






— C4 — CI 


122.70 (12) 


N3 — Cll — HUB 




109.5 


N4 — C4 — C3 


124.08 (13) 


HllA — Cll — ^HllB 




109.5 


CI — C4 — C3 


113.19 (12) 


N3 — Cll — HllC 




109.5 


C6 — C5 — CIO 


119.13 (15) 


HllA — Cll — HllC 




109.5 


C6 — C5 — N3 


121.28 (14) 


HUB — Cll — HllC 




109.5 


Ml r^i /"'/I 


1.8 (2) 


Ml r^i r*-A M/i 
JN i — C J — C4 — ^JN 4 




3.9 (2) 




1 'TO 00 /"I 0"\ 

1 /y.oz (izj 


MO r^A 

JNz — C J — C4 — C 1 




7.6 (2) 


/"'I "\T1 Tvn 

CI — JN 1 — L,/ — JNz 


3.2 (3) 


ATT /~''3 /"'/I /"'I 

JN 3 — C3 — C4 — C 1 




1 TO AC /I 'i\ 

— 1 /o.UD (Ij) 


/^T Ml 

C3 — JNz — Cz — JN 1 


-2.2 (3) 


MT 

C3 — JN 3 — CD — C6 




/II C /OA 

41.5 (2) 


Ml r^i M'3 
Cz — JN z — C3 — JN i 


1 TO OT /I C\ 

— 1 /o.z/ (iDj 


1 M"! r'a 
Cll — JN3 — CD — C6 




1 AA CI /I 0\ 

— luy.Di (loj 


r^i XT") r^i 

Cz — JNz — C j — C4 


-3.7 (2) 


CJ — JN j — CD — CIU 




1 /I A on /I c\ 
— 14U.O/ (IjJ 


/^C Ml /^l M"> 

Cj — JN3 — Ci — JNz 


— 14j.j3 (14) 


Cll — JN3 — CD — CIO 




/;o 1 /OA 
OO.l (Z) 


1 MQ r^i Ml 

CI 1 — JN3 — C3 — JNz 


/I O /OA 

4.8 (2) 


C 1 0 — CD — C6 — C / 




1 A 

1.0 (2) 


Ml r^i /"'/I 
CD — JN i — C J — C4 


iy.y yl) 


Ml c^t^ r^n 
JN J — CD — Co — C / 




1 HQ /;c /"I "2^ 

1 /o.oj (lij 


Cll— N3— C3— C4 


-169.80 (17) 


C5— C6— C7— C8 




-1.5 (2) 


Nl— CI— C4— N4 


171.27(15) 


C6— C7— C8— C9 




0.5 (3) 


CU— CI— C4— N4 


-6.7 (2) 


C7— C8— C9— CIO 




0.8 (3) 


Nl— CI— C4— C3 


-6.8 (2) 


C8— C9— CIO— C5 




-1.2 (3) 


Cll— CI— C4— C3 


175.23 (10) 


C6— C5— CIO— C9 




0.3 (2) 


Nz — C3 — C4 — N4 


—170.43 (14) 


N 3 — CD — C 1 0 — C9 




—177.38 (14) 


Hydrogen-bond geometry (A, °) 










D—n-A 


D—a 


n-A 


D-A 


D— H- 


N4— H4A-N1' 


0.86 


2.2S 


3.0993 (18) 


159 


Symmetry codes: (i) -x+1, 3^1/2, - 


-z+1/2. 
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